However, simple displacement did not ·occur with all organic halides.
Sodium germyl and bromobenzene did not yield the expected phenylgermane, but rather benzene and GeH 2 • 3
Methylene bromide also did not react to give simple germyl anion s~bstitution. 2 The reported products were methylgermane and aminogermane.
In each of the latter reactions, a hydrogen atom replaced a halogen atom.
It was th~ aim of this study to determine the types of halides for which this type of reacti~n occurs, and to investigate the reaction mechanism.
Reactions were carried out in diglyme (bis{methoxyethyl)ether) because of the ease of preparation of potassium germyl in this solvent and because of the hope that diglyme might prove to be a more favorable medium than liquid ammonia for germyl anion substitutions and that it might ·enable us to prepare the elusive compound · digermylmethane • . i -2-·-Germane was obtained from the Matheson Company; its purity was checked by infrared and mass spectrometry and by vapor pressure was filtered by gravity flow through the medium-porosity filter C into the long-necked Erlenmeyer flask E. When the filtration was complete, dry nitrogen at atmospheric pressure was introduced through stopcock D, using the same precautions noted above. A and C were removed from E, and E was stoppered with a ground glass sleeve joint attached to an open stopcock. After a few minutes of flushing, the latter stopcock and stopcock D were almost simultaneously closed.
This procedure yielded a clear, colorless solution of potassium germyl which could be stored at 0° without apparent decomposition. The solution was standardized as follows: Using the precautions described above, dry nitrogen at atmospheric pressure was again introduced at stopcock D. When the pressure in the flask slightly exceeded one atmosphere, the flask was unstoppered and seated into a sleeve joint sheath with a sidearm as shown in Figure 2 . Dry -nitrogen was flushed through the s.idearm; this nitrogen and the nitrogen simultaneously flushing the flask vented through the narrow top of the sheath. A long, glass pipet was clamped over the, solution as shown in Figure 2 and was flushed by drawing in nitr~gen with a greased syringe, followed by expulsion of the nitrogen through the side arm of the three-way stopcock. When the system was completely purged of air, the pipet was lowered and potassium ger,myl solution was sucked up to one of several· calibrated marks on the -4pipet. The pipet was then redrawn into the sheath, and the stock solution flask was removed and restoppered as before. An identical flask, previously evacuated, was then opened with nitrogen flushing and was fitted to the sheath. After the system had been purged, the potassium germyl in the pipet was transferred to the new flask. The flask was ., restoppered as before, cooled to -196°1 and evacuated.
An excess of degassed water was then distilled onto the frozen potassium germyl solution; the mixture was warmed to room temperature, and the evolved germane was distilled, with pumping, through a -lll.6° trap into a -196° trap. The germane was quantitatively measured by PVT measurements, and its purity was checked by vapor pressure and infrared measurements. A known excess of 0.1 !::! HCl was added to the residue, and the solution was titrated with 0.1 ~ NaOH to the phenolphthalein endpoint. In accordance with the following hydrolysis reaction, the germane produced equalled the titrated hydroxide within ±1 percent.
~~~~·_.An aliquot of 0.2!::! KGeH 3 was transferred to a long-necked Erlenmeyer flask as described in the standardization procedure. Excess bromobenzene was condensed onto the I frozen solution at -196 °, and the mixture was allowed to warm to room temperature. Immediately a white precipitate formed which soon developed a yellow color; after one half hour, the reaction mixture was orange.
The solution was then pumped to dryness through traps at -45°1 -160°1 and -196°. The first ·trap contained dig~e and benzene, the second,
-5benzene and digermane, and the third, germane, as indicated by infrared and mass spectra. No trace of any compound containing a carbon-germanium bond was detected in these samples. A similar experiment using iodobenzene also showed benzene, germane and digermane to be the only volatile products.
Adding the potassium germyl solution dropwise to bromobenzene or iodobenzene in other experiments gave identical results. In an attempt to detect biphenyl formation, the contents of the -45° trap were analyzed by gas chromatography. · The retention time of biphenyl was determined using a 4-ft by 1/4-in. 2CY/o silicone GE SF-96 on firebrick column 5 at 230°. Under these conditions, an aliquot of the unknown showed no evidence of biphenyl.
~ ~ ~ ~·-Excess chlorobenzene was condensed onto a diglyme solution containing 1.33 mmols of potassium germyl. After two hours at room temperature, a faint yellow cloudiness had appeared. The mixture was then distilled, with pumping, for fifteen minutes; the volatile products were collected in traps at -95° and -196°.
A total of 0.132 mmol of germanium (as gerniane and digermane) was found in the -196° trap. (The digermane was separated by fractional condensation in a -160° trap.) Water was then distilled into the solution, and germane and digermane (1.10 mmols of germanium) were produced. To the contents of the -95° trap was added 10 m1 of a solution of toluene in diglyme which contained 1.0 ml of toluene (9.41 mmol) per 100 ml of solution. The mixture was analyzed gas-chromatographically for benzene using the GE SF-96 column at 65°; less than 0.01 mmol wa& found. ~enzene formed in the reactions of the halobenzenes; !!!-xylene formed in the runs with the bromo-~-xylenes. An excess of bromobenzene was condensed onto the potassium germyl, and the solution was allowed t·o react one half hour at room temperature •.
The volatiles were then passed through a -95° trap and a -196° trap.
The fraction in the -95° trap was analyzed by mass spectrometry and was ., I .
-9-spec~roscopy.
No phenylgermane was detected. The hydrogen produced in the reaction presumably was a result of unreacted sodium metal in the slurry.
~~~~·-About 1.5 mmols of neopentyl chloride (l-chloro~2 1 2-dimethylpropane), obtained from Matheson, Coleman and Bell and purified by gas chromatography, was condensed onto an equal number of millimoles of potassium germyl solution. A slight cloudiness appeared after several hours at room temperature 1 but analysis of the volatiles showed that essentiallY no reaction had taken place. About 1. 5 mmols of neopentyl bromide 1 obtained from K ·and K / Laboratories and purified by gas chromatography, was condensed onto an equal number of millimoles of potassium germyl solution. A white cloudiness formed within a few minutes at room temperature; this soon became slightly yellow. After two hours 1 the volatile products were analyzed and were found to consist of germane, digermane and an approximately 1:1 mixture of neopentane and an alkylgermane, probably neopentylgermane. An attempt was made to separate the latter two compounds using the silicone GE SF-96 chromatograph column at room temperature.
The neopentane was isolated as the pure compound (identified by comparison of its ir spectrum with that of a known sample of the material); ' the alkylgermane had an ir spectrum with the most intense bands at 845 -1 .
10 and 2100 em , typical of alkyl.germanes.
However, the bands found in neopentane were also present; therefore there is some doubt as to the purity of the isolated alkylgerm~e. The mass spectrum of this material The same experiment was carried out using iodomethane. Again, an essentially quantitative formation of methylgermane was found (1.12 mmols KGeH 3 yielded 1.10 mmols CH 3 GeH 3 ) • However, about 0. 01 mmol of methane was found.
The results of several experiments with di-and trihalomethanes are summarized in Table II . In most cases the halide was distilled from phosphorus pentoxide onto the frozen potassium germyl solution at -196°, and the reactants were allowed to warm to room temperature. In other cases, potassium germyl solution was added dropwise through a dropping funnel to the pure halide, and in one case, a 1% solution of the dihalide in diglyme was added dropwise to the germyl solution.
After reaction had proceeded for the~ted period of time, the volatile materials were fractionally condensed using -45°1 -111.6°, -160°, and -196° traps. Infrared spectra of the contents of the -45° trap indicated solvent and traces of organogermanes which were then discarded.
-The -196° trap contained germane and the -160° trap methylgermane; these were identified by their ir spectra and vapor pressures, and were quantitatively measured. The -111.6° trap contained digermylmethane, dihalomethane, digermane, digermylethane, and digermylpropane, as indicated by mass and ir spectrometry. The latter mixture was treated in either of two ways to effect isolation of pure. digermylmethane.
Digermane and dibromomethane could be removed by hydrolysis ove~night
. with a saturated aqueous solution of potassium hydroxide (the water being subsequently removed by passing through magnesium perchlorate) or by gas chromatography. :Either method is effective; however hydrolysis .or e A trace of methyl bromide could be detected by ir as a product of this reaction; f A significant amount of dichloromethane was formed in th~s reaction. JC-H-Ge-H was 4.00 Hz. Three tiny peaks could be detected under the ' expanded septet; these may have been part of a quartet, of which one peak was hidden by the digermylmethane peaks. Such a feature would be expected for contamination by digermylethane. The spectrum of digermylmethane is entirely .analogous to that reported. for disilylmethane. 14 -14- :.,
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CH2 twist.
GeH3 asym. deformations
GeH3 sym. deformation
Ge-e asym. stretch Halogen-atom-attack mechanisms have been proposed for many reactions of organophosphines 1 9' 20 and for the reaction of organic halides with potassium triphenylsilyl 21 and sodium triphenylgermyl. 22
The hydrogen substitution reaction predominates in cases where one would expect halide ion displacement by the germyl anion to be slow • . Consequently high yields of the hydrogen-substituted products are obtained in the reactions.wlth aromatic halides, 2 3 neopentyl and neophil halides, 24 and dihalomethanes. 2 5 However, even in the case of iodomethane, a trace of the hydrogen-substituted product, methane, is ob-1 tained; it appears that the two types of reaction always occur simultaneously.
In the reaction of potassium germyl-~ with bro~obenzene, it was observed that the hydrogen-atom that replaced the bromine atom was .• -18originally bonded to germanium. This means that a phenyl anion, if it is formed, deprotonates the nascent bromogermane in preference to the solvent, diglyme. However, we have observed that when sodium phenyl is introduced to diglyme containing excess bromogermane, the principal reaction is the cleavage of the diglyme. 26 Hence we conclude that no free phenyl anion is formed in the reaction of the germyl anion with bromobenzene. For a carbanion-type.mechanism to be valid, a concerted reaction, in which germyl anion deprotonation occurs almost simultaneousl1
with bromine cation removal, must be assumed. Perhaps a four-center activated complex 27 is formed.; such a mechanism is almost equivalent to a cage reaction 28 i~ which-the phenyl anion reacts with bromogermane before it can be dispersed and react with the solvent. This type of mechanism is indicated below.
Both the hydrogen-substitution reaction and the germyl-substitution reaction accelerate as one goes from a chloride to a bromide to an iodide but the acceleration is more pronounced in the former·than in the latter reaction. · Thus much more benzene is obtained from bromobenzene than from chlorobenzene, more methylgermane is obtained from dibromomethane than from dichloromethane, and a detectable amount of methane is obtained from iodomethane, but not from bromomethane. The trends in rates may be explained by considering the activated complexes in the two types of reaction. Nucleophilic attack by germyl anion at either ,, .
-19carbon or halogen results in an activated complex in which the carbonhalogen bond is partially broken. The carbon-iodine bond is weaker than the carbon-chlorine bond; therefore both types of reaction are enhanced when a carbon-iodine, rather than a carbon-chlorine, bond is involved. However, there are further effects (which do not apply to the nucleophilic attack on carbon) that enhance nucleophilic attack on halogen when one goes from a chloride to an iodide. Because iodine is less electronegative than chlorine, a bonded iodine atom is more sus-·"'
.~, . •; _ ... 0.""' ' ceptible to attack by an anion that is a bonded chlorine atom. Furthermore, iodine is "softer" than chlorine and therefore might be expected to react more readily with the soft germyl anion. Thus one would expect that the overall accelerative effect of going from a chloride to a bromide to an iodide would be more pronounced for the hydrogen-substi-· tution reaction than for the germy~(pubstitution reaction.
It should be pointed out that a free-radical mechanism, analogous to that propqsed ,f<;>r r-· '"t>.
